Recently, research has revealed that molecules can be used to steer the local spin properties of ferromagnetic surfaces. One possibility to manipulate ferromagnetic-metal-molecule interfaces in a controlled way is to synthesize specific, non-magnetic molecules to obtain a desired interaction with the ferromagnetic substrate. Here, we have synthesized derivatives of the well-known semiconductor Alq 3 (with q = 8-hydroxyquinolinate), in which the 8-hydroxyquinolinate ligands are partially or completely replaced by similar ligands bearing O-or N-donor sets. The goal of this study was to investigate how the presence of (i) different donor atom sets and (ii) aromaticity in different conjugated π-systems influences the spin properties of the metal-molecule interface formed with a Co(100) surface. The spin-dependent metal-molecule-interface properties have been measured by spin-resolved photoemission spectroscopy, backed up by DFT calculations. Overall, our results show that, in the case of the Co-molecule interface, chemical synthesis of organic ligands leads to specific electronic properties of the interface, such as exciton formation or highly spin-polarized interface states. We find that these properties are even additive, i.e. they can be engineered into one single molecular system that incorporates all the relevant ligands. † Electronic supplementary information (ESI) available: NMR data, mass spectra and X-ray diffraction parameter CCDC 1493136. For ESI and crystallographic data in CIF or other electronic format see
Introduction
Molecular spintronics benefits of the chemical and physical functionalities of molecules to create unprecedented spintronics devices that exhibit new functionalities and better performances with respect to conventional spintronics components. 1, 2 A prominent example showing the potential of this approach is the ability to influence the spin properties of the surface of a ferromagnetic material by the hybridization of the surface metal atoms with molecules. 3 It is nowadays known that the local magnetic properties of the surface, such as the exchange interaction or the coercive field, depend significantly on the hybridization strength across the metal-molecule interface. [4] [5] [6] [7] [8] [9] [10] The main goal of this work is to investigate how the spin-properties of hybrid interfaces can be controlled by using molecules with differently extended π-faces that are specifically designed to achieve a desired hybridization strength. In particular, we have taken the well-characterized interface formed by cobalt and tris(quinolin-8-olate)-aluminum (Alq 3 ) as a model system. [11] [12] [13] [14] To tune the magnetic properties of this interface, the structure of Alq 3 was changed by substituting the ligands which coordinate to the central metal atom. The structural formulas of the four Alq 3 -derivatives 1-4 employed in this study are shown in Scheme 1. These Alq 3 derivatives have been deposited by sublimation on the surface of a ferromagnetic cobalt (100) thin film. The formed hybrid systems were analysed by spin-resolved photoemission, to determine the spin-resolved density of states of the molecule-metal interface. By examining the obtained photoemission spectra in terms of spectroscopic signatures of the individual ligands, we have determined the impact of specific ligands on the interfacial electronic structure at the Fermi energy. Overall, our results show that the magnetic and electronic properties near the Fermi energy of the cobalt surface can be specifically influenced by the adsorption of suitable molecules.
Experimental
All complexes of this study were synthesized in our laboratories with exception of Alq 3 , which is commercially available. For the synthesis of coordination complex 1, we have implemented a modified version of the procedure described by Yamaguchi et al. 15 1 is formed with a yield of about 71% by the reaction between one equivalent of Al(CH 3 ) 3 and two equivalents of 8-hydroxyquinoline, Hq. Subsequently, the coordination sphere was completed by adding one equivalent of Hacac. Despite the introduction of a symmetric moiety such as 4-oxopent-2-en-2-ol (Hacac), 1 can form two geometrical isomers. In the pseudomer-isomer the two axial nitrogen donor atoms face each other. Conversely, in the pseudofac-isomer the two neighbouring nitrogen atoms face two oxygen atoms. Crystals were grown for single crystal X-ray diffraction measurements. They show that the pseudofac-isomer of 1 is obtained by applying the synthetic procedure. 15 The novel aluminium complex 2 was obtained from 1 after a substitution reaction of the acac ligand against 1-oxo-1H-phenalen-9-olate (PLN). Complex 2 can also form two isomers: the pseudomer-isomer, where the two nitrogen atoms face each other, and the pseudofac-isomer, where the nitrogen atoms face two oxygen atoms. The solid state molecular structure of 2 was determined by single crystal X-ray diffraction (see Fig. 1 and Tables 1 and 2 for the crystal data and structure refinement) and shows that complex 2 crystallizes in the pseudofac geometry.
Due to a similar bite angle of PLN and acac, pseudofac-2 is characterized by similar bond angles, 81.9-94.7°and 172.4-174.0°, with respect to those of pseudofac-1. Accordingly, the bond distances between the chelating atoms of quinolinate and aluminum, Al-O1 (1.844 Å), Al-O2 (1.863 Å), Al-N1 (2.051 Å), and Al-N2 (2.035 Å), are similar to those of 1 and mer-Alq 3 . Furthermore, the bond lengths between the oxygens of phenalenyl and aluminum, Al-O3 (1.868 Å) and Al-O4 (1.861 Å), are analogous to those of 3. In the crystal lattice, the molecules of pseudofac-2 are oriented to maximize the interaction between quinolinates and phenalenyls. Interestingly, it can be noted that the quinolinates only face each other as well as the phenalenyl ligands.
The synthesis of molecule 3 was described by Koelsch et al., 16 improved by Haddon et al., 17 and slightly modified by us. 18 The ligand 2-( pyridinyl-2-yl)phenol (HPP) was prepared as an "extended" quinolone in a Suzuki cross coupling reaction of 2-hydroxybenzenboronic acid and 2-bromopyridine.
To form complex 4, we reacted HPP with Al(CH 3 ) 3 , which was formerly used to form complexes with similar ligands. 19, 20 Since the HPP ligand is asymmetric, 4 can occur in two geometrical isomers, the mer-and the fac-isomer. However, as described for Alq 3 , and reported for other HPP complexes with trivalent metals, [21] [22] [23] the mer-isomer is normally formed. Hence, we have assumed that mer-isomer of 4 is the predominant species.
Rational design approach
As is shown in Scheme 1, we have selected three different ligands to substitute the quinolinate ligands in Alq 3 with the aim to study the properties of the resulting ferromagnetic metal-molecule interfaces based on these substituted complexes:
(i) The ligand 1-oxo-phenalen-9-olate (PLN) contains a sterically demanding aromatic phenalenyl unit and coordinates to the metal with two oxygen atoms. It is known that the wave function of the occupied hybrid states which form at the Co-Alq 3 interface close to the Fermi energy are mainly localized on the oxygen donor atoms. 12, 18 This is why we have chosen this ligand, because it was possible to "chemically" enhance the strength of hybridization with the cobalt surface by coordinating the Al atom only with oxygen donor atoms. We have chosen two complexes, 2 and 3 (Scheme 1), including this PLN ligand in different stoichiometries. Following this strategy, it was possible to investigate the continuous change in ligand stoichiometry from complex 1 over 2 to 3.
(ii) The acac ligand is the sterically less demanding ligand of the whole series. It coordinates to Al with two oxygen donor atoms just like PLN. We synthesized one acac containing complex 1 (Scheme 1). By replacing one q-ligand with an acacligand we aimed at "structurally" increasing the hybridization strength between the molecule and the metal surface, since the acac ligand in 1 is less sterically demanding with respect to the q ligand in Alq 3 .
(iii) 2-(Pyridine-2yl)phenolate (PP) is similar to the quinolinate ligand q, nevertheless the two aromatic rings are not annulated but connected by a C-C single bond. This results in the formation of a six-membered ring upon coordination to the Al(III) ion. We have synthesized compound 4 with the aim to retain the homolepticity of the complex but to change the ligand geometry slightly at the same time. Al1-O1 1.844(5) O1-Al1-O2 172.9(3) O2-Al1-N2 81.9(3) Al1-O2 1.863 (5) O1-Al1-O3 94.7(3) O3-Al1-O4 92.1(3) Al1-O3 1.868 (6) O1-Al1-O4 91.9(2) O3-Al1-N1 91.2(3) Al1-O4 1.861 (5) O1-Al1-N1 82.8(3) O3-Al1-N2 172.4(3) Al1-N1 2.051 (6) O1-Al1-N2 92.6(3) O4-Al1-N1 174.0(3) Al1-N2 2.035 (7) O2-Al1-O3 90.6(3) O4-Al1-N2 89.7(3) O2-Al1-O4 92.6(3) N1-Al1-N2 87.6(3) O2-Al1-N1 92.4(2) 
Experimental results
To understand how the different ligands influence the electronic properties of the complexes and therefore the spin properties of the formed interface, we used photoemission spectroscopy. Our measurements can be differentiated in the following three types (details on the photoemission methods can be found in the Methods section): (i) Ultraviolet photoemission spectroscopy (UPS) measurements (photon energy hv = 21.2 eV) were performed on thick molecular layers (thickness = 4 monolayers, ML). Since UPS is extremely surface sensitive, these measurements provide the electronic properties of the quasi-free molecule and can be thus compared with theoretical DFT calculations of the free molecule.
(ii) Spin-resolved near-threshold photoelectron spectroscopy (NT-PES) measurements (hv = 5.95 eV) were performed on thin molecular layers (thickness 1 ML). NT-PES is interface sensitive. 24 In the chosen configuration, it gives information about the electronic properties of the interface.
(iii) Spin-resolved two-photon photoemission (2PPE) spectroscopy measurements (hv = 3.1 eV) were performed on thin molecular layers. These measurements provide information about the occupied as well as the unoccupied electronic states at the interface. 25 We start with the UPS measurements performed on thick layers, point (i). Since the intermolecular interaction between the molecules is rather weak, the outmost molecules of thick organic film can be assumed as quasi-free molecules. In this case a thick layer means a film thickness of 4 ML which roughly translates to 5-6 nm. Fig. 2(a) shows the UPS measurements of thick layers of all five molecules on the ferromagnetic cobalt surface. The secondary electron background has been removed using the method of Henrich et al. 26 The features observed in the background-corrected UPS spectra arise from the occupied molecular orbitals, whose relative energy spacing can be compared to DFT calculations for the free molecules. The results of the DFT calculations are plotted together with the corresponding UPS spectra in Fig. 2 (b-f ). The DFT eigenvalues have been convoluted with a Gaussian (FWHM = 420 meV) to account for the inhomogeneous peak broadening due to the limited energy resolution in the photoemission experiments. The energy scale of the DFT eigenvalues was chosen by superimposing the HOMO eigenvalues on the HOMO in the UPS spectra. We observe a good agreement between the UPS data and the DFT calculations. Now, we move to the measurements related to the interface properties, points (ii) and (iii). For both, NT-PES and 2PPE measurements, the interface-related spectra consist of different contributions: the spectral features of the quasifreestanding molecular layer, the spectral features of the interface, and the photoemission signal of the underlying cobalt substrate, which is damped due to scattering at the organic layer. Furthermore, inelastic scattered electrons produce a secondary electron background.
In order to extract the interface-related spectrum from the photoemission data, it is necessary to remove the other spec-tral contributions beforehand. For UPS spectra, a procedure has been described by Djeghloul et al. 27 We had to choose a slightly adapted procedure because the photon energy in our experiments is lower than the one typically used for UPS measurements (5.95 eV vs. 21.2 eV). In particular, as discussed in detail in the Experimental section, we have subtracted a damped cobalt spectrum (to remove the influence of the photoelectrons originating from the cobalt substrate), a spectrum of the quasi-free molecules as inferred from the UPS measurements (to remove the influence of the molecular features), and an exponential decay (to remove the influence of the secondary electron background). Following this procedure, the only remaining part is the photoemission signal from the interface.
The obtained interface-related spectra are shown in Fig. 3a for occupied states (NT-PES) and Fig. 3b for unoccupied states (2PPE). For all molecules 1-4 as well as for Alq 3 an interface contribution is measurable. To verify that the measured signal originates at the interface, NT-PES and 2PPE measurements for thick molecular layers were carried out. For the NT-PES measurements (not shown) the signal at the Fermi level was vanishing, proving that the measured signal of thin layers is indeed a contribution of the interface. This means that all the chosen Alq 3 -derivatives 1-4 lead to the formation of an occupied hybrid interface state (oHIS) on cobalt, as it was the case for the Co-Alq 3 interface. On the other hand, the 2PPE measurements show a vanishing photoemission signal only for the molecules 1 and 4 (not shown), but not for the related molecules containing PLN ligands, where a spectral feature is observable in the 2PPE spectra even at high molecular coverages of 4 ML, Fig. 3c . This shows that, similarly to Alq 3 (ref. 11, 14) , 1 and 4 lead to the formation of an unoccupied hybrid interface state (uHIS) with the cobalt surface. The 2PPE spectra of 2 and 3, on the other hand, can be explained by assuming a direct optical excitation within the molecule itself, i.e. with the creation of an exciton. Since the exciton is a molecule-related feature (and not an interface-related feature), its fingerprint can be detected in the 2PPE spectra even at high molecular coverage. Combining the information from the UPS, NT-PES and 2PPE spectra, we can draw the energy level alignment of the different Alq 3 -derivatives on cobalt. The results for all five molecules are shown in Fig. 4 .
In order to determine the spin properties of the formed interfaces, we have performed additional spin-resolved NT-PES and 2PPE measurements. After the removal of all unnecessary background contributions the spin polarization of the occupied and unoccupied interface-related states can be extracted. The values of the spin polarization, normalized to the spin polarization of the underlying cobalt substrate, are given in Table 3 .
Discussion
After the general characterization of the molecules, the results of different molecules have to be compared to draw conclusions on how the modifications of the original Alq 3 molecules contribute to different electronic and magnetic features and how such features can systematically be created. Therefore, selected comparisons between the molecules have to be done. In the following, we will concentrate on three parts:
-What is the influence of the PLN ligand, studying the series Alq 3 , 2, and 3?
-Which is the influence of the exchange of one quinoline ligand in Alq 3 by acac or PLN with respect to the resulting complexes 1 and 2?
-What changes appear after replacing all q ligands of Alq 3 with the slightly larger PP ligands of 4 (retaining the homolepticity)?
The PLN ligand: 2 and 3
Our DFT calculations show that the HOMOs and LUMOs of Alq 3 and 3 are delocalized over almost degenerated orbitals, 12, 13 while in 2 these orbitals are localized at the three distinct ligands, see the right panel of Fig. 5 . The eigenvalues are separated, as for Alq 3 and 3, in blocks of three eigenvalues in close energetic proximities. In contrast to the homoleptic molecules, 2's orbitals are localized on the different ligands, which lead to two q-like orbitals and one PLN-like orbital. This leads to the conclusion that 2 contains intrinsically the electronic properties of both other molecules. To confirm this assumption, we used the combined UPS spectra of Alq 3 and 3 of thick films to create a hypothetical spectrum of 2. This is shown in Fig. 6 . As expected, the electronic structure of the free 2 molecule is composed of the electronic structures of Alq 3 and 3. Furthermore, the measured interface data show an unoccupied molecule-related state for the PLN-ligand in contrast to the unoccupied hybrid interface state in Alq 3 . The energetic position and the information resulting from the spinresolved measurement lead to the conclusion that, while the Alq 3 -cobalt-interface only shows an uHIS and the 3-cobalt interface allows the creation of an exciton in the molecular component, in 2 both types of electronic states can be found. By creating a molecule with both kinds of ligands, we have thus been able to create an interface with both properties at once. Regarding the expected increase of hybridization strength at the interface with cobalt when using PLN ligands, a closer inspection of Fig. 3a shows that the interface-related features extend over a much wider energetic range for the 3cobalt interface as compared to the Alq 3 -cobalt and 2-cobalt interfaces. The detection of broader interface-related features in the occupied states is a direct evidence for the stronger hybridization mediated by the PLN ligands, as expected at the 3-cobalt interface.
The heteroleptic molecules: 1 and 2
As with 2, the DFT calculations of 1 show a similar distribution of the HOMO and LUMO on either the quinolinate or on the acac ligands, see the left panel of Fig. 5 . This leads again to the conclusion that the electronic properties of the acac-ligand are preserved. Fig. 7 (left) shows the UPS measurements of thick layers of Alq 3 , 1 and 2 on cobalt. Whereas a bigger difference between the spectra of Alq 3 and 2 can be seen, only small contributions of the acac-ligand to the photoemission signal are visible. This is more evident in Fig. 7 (right) , showing the UPS measurements of these three molecules after shifting the energetic position of the HOMOs to the same value for better comparison. The striking similarity of the photoemission spectra of Alq 3 and 1 indicate that the acac-ligands contribute only very slightly to the electronic structure of the free molecule. Also the interface properties of 1 and Alq 3 are very similar: the energetic position of the 1-Co oHIS is similar to that of the Alq 3 -Co oHIS. However, after comparing the relative spin polarisation, it is clearly visible that the amount of spin polarization in the hybrid state is dramatically higher for 1 than for Alq 3 (79% vs. 56%). This means that the introduction of the acac ligand does not significantly alter the interface electronic properties. However, due to the less sterically demanding acac ligand in complex 1, the magnetic coupling between 1 and cobalt is stronger, increasing the spin polarization of the occupied hybrid interface state (oHIS), which could be extremely helpful for spintronics applications.
The homoleptic molecules: 3 and 4
DFT calculations show that the molecular orbitals of all homoleptics are equally distributed across the whole molecule (not shown), which is in contrast to the localization of the molecular orbitals at single ligands in heteroleptic molecules. UPS, spinresolved NT-PES and spin-resolved 2PPE measurements for 4 show similar behaviour regarding the electronic and magnetic properties in comparison to Alq 3 . We thus suggest the use of homoleptic variation of Alq 3 in organic spintronics devices, as the orientation of the molecules on the substrate does not play a crucial role and the created devices should be easier to compare with theoretical calculations of the interface properties.
Conclusions
We have synthesized derivatives of Alq 3 , in which the 8-hydroxyquinolinate (q) ligands are replaced by similar ligands bearing O-or N-donor sets. Each synthesized ligand is shown to influence, in a specific way, the spin properties of the interface formed with a ferromagnetic cobalt surface. In particular, by introducing the less sterically demanding acac ligand into 1, we could increase the spin polarization close to the Fermi level, as a result of a stronger magnetic and electronic coupling between the molecules and the cobalt surface. Introducing the PLN ligand in 3, we could strengthen interface hybridization and create a hybrid interface that reacts to optical excitation (at hv = 3.1 eV) forming an exciton. Using complex 2that contains both q and PLN ligandswe have shown that the ligandspecific interface properties can be engineered in a single molecule by additive coordination of the corresponding ligands. Our results constitute an important step towards the functionalization of spinterfaces by chemical design of suitable organic adsorbates.
Methods
General procedure for the synthesis of molecules
All the reactions were carried out under an inert argon atmosphere using standard Schlenk techniques. All the purchased chemicals and solvents for the synthesis and column chromatography were used as received without any further purification unless otherwise stated. Elemental analysis of carbon, hydrogen, and nitrogen were carried out using a Vario Micro Cube. 1 H-NMR and 13 C-NMR were recorded using a Bruker FT-NMR Avance III 500 MHz with deuterated solvents as internal standards for proton and carbon signals. Matrix-assisted laser desorption/ionization time of flight (MALDI-TOF) mass spectrometric data were acquired on a MALDI-TOF Synapt G2-S HDMS with no additional matrix compound other than the sample itself. Electro-spray ionization-time of flight (ESI-TOF) mass spectrometric analytical data were acquired on a Bruker microOTOF-Q II equipped with a nano-spray source and on an ESI-TOF Synapt G2-S HDMS. Elemental analyses were carried out on a Vario Micro Cube. Single crystal X-ray diffraction data were collected on a STOE IPDS II diffractometer with graphitemonochromated Mo Kα radiation (0.71073 Å). Structure solution and refinement against F 2 were carried out using ShelXS and ShelXL software. 28 Refinement was performed with anisotropic temperature factors for all non-hydrogen atoms (disordered atoms were refined isotropically); hydrogen atoms were calculated on idealized positions. Alq 3 is commercially available. Although this molecule exhibits two different isomers, meridional and facial, only the meridional isomer is found using our preparation method and measurements at room temperature. The synthesis of 3 was described by Koelsch et al. 16 improved by Haddon et al., 17 and slightly modified by us. 18 
Synthesis of 1
Al(CH 3 ) 3 (2 M in toluene, 1.35 ml, 2.7 mmol) was taken in 20 ml of freshly distilled toluene and the resulting solution was cooled to 0°C. A second solution of Hq (0.78 g, 5.5 mmol) in 10 ml of freshly distilled toluene was added dropwise over 30 min. The solution was warmed up to room temperature and left to stir for 3 h. Hacac (0.28 ml, 2.7 mmol) in 10 ml of freshly distilled toluene was added dropwise over 30 min; the resulting solution was stirred overnight at room temperature. The yellowish precipitate was filtered and washed thoroughly with fresh toluene. The crude product was purified by column chromatography on alumina neutral grade IV with pure CH 2 Cl 2 (0.79 g, yield 71%). Suitable crystals for single crystal X-ray diffraction were obtained from slow evaporation at room temperature of an acetone solution providing the pseudofac isomer. 15 Synthesis of 2 1 (0.71 g, 1.7 mmol) and HPLN (0.30 g, 1.5 mmol) were dissolved in 100 ml on ethanol. The solution was refluxed at 90°C overnight, cooled down to room temperature and reduced to a volume of 20 ml. The precipitate was filtered, washed with cold fresh ethanol and purified by column chromatography on alumina neutral grade IV with pure CH 2 Cl 2 (0.63 g, yield 73%). Suitable crystals for single crystal X-ray diffraction were obtained from slow evaporation at room temperature of a CH 2 Cl 2 /ethanol solution (see Tables 1 and 2 for details on crystal data and structure refinement for 2). 1 
Synthesis of 4
The ligand 2-( pyridin-2-yl)phenol (HPP) is obtained by a coupling reaction between 2-hydroxybenzenboronic acid and 2-bromopyridine with a yield of ≈68%. To form the aluminum complex, we reacted HPP with Al(CH 3 ) 3 , which was formerly used to form complexes with similar ligands. 19, 20 210 ml of a mixture of 4 : 2 : 1 toluene/ethanol/K 2 CO 3 (2 M in H 2 O) was prepared and 2-bromopyridine (3.0 ml, 31.0 mmol) and 2-hydroxybenzenboronic acid (4.14 g, 30.0 mmol) were dissolved in it. The mixture was bubbled with Ar for 1 h and then Pd(PPh 3 ) 4 (0.71 g, 0.63 mmol) was added. The reaction was refluxed overnight at 80°C. The resulting solution was cooled down and extracted with ethyl acetate; the organics were collected and the solvents were evaporated under reduced pressure. The crude product was purified by column chromatography on silica gel with pure CH 2 Cl 2 (3.48 g, yield 68%). 1 
X-Ray structure analysis
Data collection for compound 2 was carried out on a STOE StadiVari diffractometer with monochromated Mo Kα radiation (λ = 0.71073 Å) at 150.2 K. Using Olex2, 28 the structure was solved with the ShelXD 29 structure solution program using the Dual Space method and refined with the ShelXL 29 refinement package using least squares minimization. Non-hydrogen atoms were refined with anisotropic displacement parameters; H atoms were added at idealized positions on their respective parent atoms. Crystal data, refinement parameters and selected bond lengths and angles are given in Tables 1  and 2 . CCDC-1493136 contains the crystallographic data for this compound.
DFT
To calculate the molecular orbitals of the different molecules DFT calculations were carried out. The commercially available software Gaussian 09 was used and we chose 6-31G(d) as a basis set and B3LYP as the exchange interaction functional. 30 
Calculation of interface-related spectra
The NT-PES and 2PPE spectra contain four distinct contributions, namely: (i) the contribution of the cobalt substrate, damped due to scattering at the molecules; (ii) the contribution from the interface, that we want to isolate; (iii) the contribution from molecules far away from the interface; and (iv) the contribution from secondary electrons. To obtain the true signal of the interface, contributions (i), (iii) and (iv) have to be removed systematically. To eliminate the cobalt signal, (i), the spectrum of the pristine cobalt film was scaled to fit the cobalt-related intensity in the spectra close to the Fermi edge. To calculate contribution (iii), we estimated the energetic position and the width of the HOMO spectral feature from the UPS measurements. Finally, the secondary electron background (iv) was modelled by an exponential function. After subtraction of these three contributions, the photoemission signal gives directly the interface-related contribution, as illustrated in Fig. 8 for the NT-PES spectra of 1 ML Alq 3 on cobalt.
Spectroscopic measurements
All spectroscopic measurements were performed with an UHV system consisting of a spectroscopic chamber and two separated evaporation chambers (for metal and for the organic molecules). The base pressure in the spectroscopic chamber was 4 × 10 −11 mbar and 5 × 10 −10 mbar in the evaporation chambers. During evaporation the pressure rises to 9 × 10 −10 mbar (metal) and 3 × 10 −9 mbar (organic). To obtain the photoemission spectra different light systems were used. UPS was performed by using a HIS 13 vacuum ultraviolet lamp (OMICRON) in combination with helium. Since the Helium I alpha line was used, the available photon energy was 21.2 eV. For NT-PES and 2PPE a Ti:sapphire laser system was used. The central wavelength is between 780 nm and 840 nm. This was doubled (for 2PPE measurements) to 2.95 eV-3.2 eV or quadrupled (for NT-PES measurements) to 5.95 eV.
Sample preparation: cobalt
The cobalt film with a thickness of around 3.5 nm was grown by electron beam evaporation on a copper (100) single crystal and then annealed to 370 K. The resulting cobalt film possesses a tetragonal distorted fcc structure with an in-plane magnetic uniaxial anisotropy along the (110) direction of the copper substrate. 31 Fig. 8 NT-PES measurement of 1 ML of an Alq 3 derivative on cobalt (black). Different contributions, cobalt substrate (red), molecules (magenta) and secondary electron background (green) have to be removed to get the signal of the interface ( purple).
